The origin of the weakly insulatinglike behavior revealed when magnetic fields (H) suppress superconductivity in underdoped cuprates has been a longtime mystery. Surprisingly, similar behavior observed recently in La-214 cuprates with "striped" spin and charge orders is consistent with a metallic, as opposed to insulating, highfield normal state. Here we report a striking finding of the vanishing of the Hall coefficient (R H ) in this field-revealed normal state for all T < (2 − 6)T and thus R H = 0 observed over a wide range of T and H has to imply that charge conjugation (i.e. particle-hole) symmetry is dynamically generated. This is a robust, new fundamental property of the normal state of cuprates with intertwined orders.
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The central issue for understanding the high-temperature superconductivity in cuprates is the nature of the ground state that would have appeared had superconductivity not intervened. Therefore, magnetic fields have been commonly used to suppress superconductivity and expose the properties of the normal state. Ever since early measurements (1, 2) revealed unusual, insulatinglike behavior in underdoped cuprates, characterized by approximately ln(1/T ) resistivity setting in at fairly high T , its origin has been a puzzle (3-7). Meanwhile, it has been discovered that the normal state of underdoped cuprates is unstable towards a variety of ordering phenomena, including charge and spin orders, and a spatially modulated superconducting (SC) state referred to as a pair-density wave (PDW) (8) . The interplay or intertwining of these orders with superconductivity at high H has thus become one of the key open questions (9-11).
La 2−x−y Sr x (Nd,Eu) y CuO 4 compounds are ideal candidates for addressing these issues because, for doping levels near x = 1/8, they exhibit both spin and charge orders with the strongest correlations and lowest T is what happens after the superconductivity is suppressed by H, i.e. for fields greater than the quantum melting field of the vortex solid where T c (H) → 0. It turns out that a wide regime of vortex liquid-like behavior, i.e. strong SC phase fluctuations, persists in two-dimensional (2D) CuO 2 layers, all the way up to the upper critical field H c2 . It is in this regime that recent electrical transport measurements have also revealed (13) the signatures of the PDW SC state. The normal state, found at H > H c2 , is highly anomalous (12) : it is characterized by a weak, insulatinglike T -dependence of the inplane longitudinal resistivity, ρ xx ∝ ln(1/T ), without any sign of saturation down to at least T /T 0 c ∼ 10 −2 , and the negative magnetoresistance (MR). In particular, the ln(1/T ) behavior is suppressed by H, strongly suggesting that ρ xx becomes independent of T , i.e.
metallic, at experimentally inaccessible fields (H > 70 T). This behavior is in contrast to
the H-independent ln(1/T ) reported (1, 4) in the absence of stripes (14, 15) , where the high-H normal state appears to be an insulator (1, 2) . In either case, the origin of such a weak, insulatinglike behavior is not understood, but it is clear that the presence of stripes seems to affect the nature of the normal state.
In cuprates, the Hall effect has been a powerful probe of the T = 0 field-revealed normal state (e.g. (16) (17) (18) (19) (20) (21) and refs. therein). In the high-field limit as T → 0, the Hall coefficient R H , obtained from the Hall resistivity ρ xy (H) = R H H, can be used to determine the sign and the density (n) of charge carriers; in a single-band metal, for example, n = n H , where the Hall number n H = 1/(eR H ) and e is the electron charge (R H > 0 for holes, R H < 0 for electrons). A drop of R H from positive to negative values with decreasing T , observed in underdoped cuprates for dopings where charge orders are present (11) at high H, has been attributed (16, (21) (22) (23) to the existence of an electron pocket in the Fermi surface of a hole-doped cuprate. In general, however, the interpretation of the Hall effect has been a challenge, because R H can depend on both T and H, and it can be affected by the us to achieve an unambiguous interpretation of the Hall data for H < H c2 , and reveal novel properties of the normal state. Our main results are summarized in the T -H phase diagrams shown in Fig. 3 . The key finding is that, in the high-field limit, the positive
c upon cooling, and it remains zero all the way down to the lowest measured T , despite the absence of any observable signs of superconductivity. The drop of R H at T > T 0 does not depend on H, while T 0 (H) is very weakly dependent on H (Fig. 3) , almost constant, suggesting that R H = 0, i.e. particlehole symmetry, is characteristic of the zero-field (normal) ground state in the presence of stripes. (12) ; open orange squares), or H peak (T ); here the behavior is metallic (dρ xx /dT > 0) with ρ xx (T → 0) = 0 and R H = 0. The field-revealed normal state (blue) exhibits strange behavior: ρ xx (T ) has an insulatinglike, ln(1/T ) dependence (12, 13), but R H = 0 despite the absence of superconductivity. At high T (yellow), R H > 0 and drops to zero at T = T 0 (H) (red triangles). In the high-T VL regime (H < H peak ; beige), R H becomes negative before vanishing at lower T = T 0 (H) (red squares), as the vortices become less mobile. The h/4e
2 symbols (open pink diamonds) show the (T, H) values where the sheet resistance changes from R /layer < R Q = h/4e 2 at higher T , to R /layer > R Q at lower T . Zero-field values of T SO and T CO are also shown. All dashed lines guide the eye. Grey horizontal marks indicate measurement temperatures in different runs, the resolution of which defines error bars for T 0 . most striking, novel finding is that, at the highest fields (H > H peak ), R H remains zero for T < T 0 , down to the lowest measured T (Figs. 2B and 2D). In other words, for a fixed T < T 0 (H), R H < 0 at low H, but it becomes zero and remains zero with increasing field.
In Fig. 3 , we compare R H (T ) and ρ xx (T ) for various fields. The drop of R H observed at (Fig. S2 ), while error bars correspond to 1 SD of the data points within each bin. Relatively large error bars at low T result from the use of extremely small excitation currents I (24) necessary to ensure that the measurements are taken in the I → 0 limit, because of the strongly nonlinear (i.e. non-Ohmic) transport in the presence of vortices (12) . At high T , R H is independent of H, but it decreases to zero at T = T 0 (H) upon cooling. As T is reduced further, R H becomes negative for lower H, within the VL regime [H < H peak (T )]. In the normal state [H > H peak (T )], however, R H remains zero down to the lowest T . (25) . At the highest fields, ρ xx ∝ ln(1/T ), as discussed in more detail elsewhere (12) . In both materials, R H decreases upon cooling, and reaches zero at T = T 0 (H). For H < H c2 ∼ H peak , R H becomes negative at even lower T , then goes through a minimum, and eventually reaches zero again at T = T 0 (H), as shown; R H remains zero down to 0.019 K (B and D insets). For H > H c2 , R H = 0 for all H and T < T 0 (H). All dashed lines guide the eye.
to the properties of the zero-field pseudogap regime. We define T 0 (H) as the temperature at which R H becomes zero or negative, and it is apparent that it has a very weak, almost negligible field dependence. T 0 is comparable to the temperature at which ρ xx (T ) curves in both materials split into either metalliclike (i.e. SClike) or insulatinglike, an effect that is manifested only in the presence of stripes (29) . We find that, interestingly, this occurs (Figs. 3A and 3C) when the normal state sheet resistance R /layer ≈ R Q , where
2 is the quantum resistance for Cooper pairs.
Previous studies have found (12, 13) that, for H < H peak , the "h/4e 2 " line seems to form an upper limit for the presence of vortices (Fig. S3) . Indeed, in this field range, R H is negative for T 0 < T < T 0 (beige area in Fig. 3 ) and it exhibits a minimum, which is suppressed by increasing H (Figs. 3B and 3D ). This behavior is found to result from the vortex motion (Supplementary Text, Fig. S4) . Similarly, the suppression of the negative R H with decreasing T , resulting in zero R H at T < T 0 (green area in Fig. 3 (12), indicative of the vortex motion, extends at most up to T peak (H) (Fig. 3 ), i.e. H peak at low T . Furthermore, an extensive study of the anisotropy between the out-of-plane and the in-plane transport in these samples has demonstrated (13) the absence of any observable signs of superconductivity, including the PDW, for H > H peak .
In that regime, the anisotropy no longer depends on a magnetic field, neither H c nor Since dρ xx /dT < 0 in the normal state, one could also speculate whether R H vanishes (i.e. ρ xy = 0, or conductivity σ xy = 0) because of some kind of quasiparticle localization. However, our results are the opposite of those in lightly-doped (19), i.e. insulating cuprates with a diverging ρ xx (T → 0), or in highly underdoped (18) cuprates, both of which seem to show a diverging R H at low T . If n = n H = 1/(eR H ) holds, this is indeed consistent with a depletion of carriers, whereas in our case it would indicate a diverging number of carriers. In addition, although dρ xx /dT < 0 in the normal state even weaker with increasing H, and at the same time, the absolute value of ρ xx remains relatively low and comparable to that at T > T 0 (Figs. 3A and 3C ). Likewise, as the system goes from the VL to the normal state with H at a fixed, relatively high T < T 0 , the H-dependence of ρ xx is negligible (12) (e.g. at ∼ 4 K in Fig. 3A) , while R H changes qualitatively from a finite negative value to zero (Fig. 3B) . Hence, simple localization mechanisms cannot explain R H = 0 observed over a wide range of T and H in the normal state of striped cuprates.
The experimental results thus lead us to conclude that R H = 0 is a manifestation of a charge conjugation (i.e. particle-hole) symmetry that is extremely robust, as it is observed in an entire phase, as well as in cuprates with different doping or strength of stripe correlations. Such a particle-hole symmetry arises in a model (34) the Fermi surface similar to that in other underdoped cuprate families (16, 17) , then our findings strongly suggest that high-temperature superconductivity and stripes conspire to make the number of electrons and holes equal. In standard models, however, R H can only vanish accidentally, and thus R H = 0 observed over a wide range of T and H has to be dynamically generated. Holographic models, which feature emergent charge conjugation symmetry, might provide, for example, a more suitable description of such strongly correlated matter (35, 36) . In any case, by revealing the existence of such a robust property of the strange, normal state of stripe-ordered cuprates, our results provide a qualitatively new insight for further theoretical investigations of the cuprate pseudogap regime, and also call for additional experiments under extremely high magnetic fields. Depending on the temperature, the excitation current (density) of 10 µA to 316 µA Hall coefficient in the vortex liquid regime. The suppression of R H by the field, similar to that shown in Figs. 3B and 3D, is generally understood (16, 28, 29) to result from the vortex contribution to the Hall resistivity. The minimum is less pronounced for
x ≈ 1/8 ( Fig. 3D ) than for x = 0.10 ( Fig. 3B) , consistent with prior observations (28, 29) , as well as with the recent evidence (13) of a more robust SC PDW state at x ≈ 1/8. We find that, indeed, the range of T and H in which R H < 0 ( Fig. 1 and Fig. S3 ) corresponds to the vortex liquid regime (H < H peak ) already established based on other transport studies (12, 13) . Additional evidence for the presence of vortices in that regime comes from scaling of ρ 2 xx /ρ xy ∝ H (Fig. S4 ), which indicates a state of dissipating vortex motion (40).
Therefore, the agreement of the results of different techniques allows an unambiguous interpretation of the negative R H as arising from the motion of vortices. Incidentally, it also reveals that the origin of R H ≈ 0 observed (28) in La 1.48 Nd 0.4 Sr 0.12 CuO 4 for T 5 K at 9 T is due to the onset of freezing of the vortex motion ( Fig. 1 and Fig. S3 ). It should be we note that the observations of a field-independent T 0 , at which R H changes sign, have been used to argue (16, 23 ) that R H < 0 can not be caused by vortices. However, our results ( Fig. 1 ) demonstrate that this is not necessarily the case.
As discussed in the main text, for H < H peak , the negative R H is also suppressed with decreasing T , and it reaches zero at T = T 0 (H) (Figs. 3B and 3D ). Upon further cooling, (Fig. 1 ), i.e.
H peak at low T . Indeed, the "ultraquantum" regime (33) seems to be analogous to the vortex liquid regime in Fig. 1 , in which the negative R H arising from the vortex motion decreases towards zero as the doping approaches x = 1/8 ( Fig. 3B and Fig. 3D ), consistent with early observations (28, 29) . CuO 4 , respectively, at the same temperatures shown in A and B. R xx and R xy were averaged over 0.5 T bins before ρ xx 2 /ρ xy was calculated. Error bars correspond to 1 SD of the data points within each bin. Solid lines are linear fits going through the origin.
